The presence of genetic diversity is a prerequisite for improvement of any crops. Salinity is a severe threat for the production of rice which can be solved by improving tolerant variety through breeding programs. Twenty-five rice genotypes were evaluated to explore the genetic diversity of growth parameters by imposing three levels of salinity treatments (0 dS m −1 , 7 dS m −1 and 12 dS m −1 EC) with three replications following completely randomized design (CRD).The genotypes were categorized into five major sub-clusters considering ten morphological traits using the non-hierarchical Euclidean distances revealed that maximum 10 genotypes viz., Moynamoti, Badshavog, Pangash, Suvash, Moghabalam,Sadaswarna, Bina dhan-8, Chinikani, Ashfailand, and Rajashail were found in cluster III while lowest two genotypes namely Lalbat and M-171 were found in cluster IV. The results of the cluster analysis also reported that the inter-cluster distances in all the cases were greater than the intra-cluster distances. The highest intra-cluster diversity was observed in cluster IV (6.30) whereas lowest intra-cluster diversity was found in cluster I (4.16). The maximum inter-cluster distance was found between cluster II and V (15.45) where minimum inter-cluster distance was observed between cluster I and II (6.39). Root fresh weight contributed greatest (19%) to the divergence of genotypes where root length contributed least (0.33%) to the total diversity of the genotypes. The cluster means value for most of the morphological traits was maximum in cluster II reflecting that the genotypes grouped in cluster II could be selected as salt tolerant genotypes at the seedling stages for the cultivation in the coastal area of Bangladesh.
Introduction
Rice (Oryza sativa L.) is one of the most important cereal food crops which is consumed by approximately more than three billion people around the world (Kumbhar et al., 2015) . Rice is also staple food of Bangladesh and it is the top ranked food crop by production amongst all crops grown in Bangladesh (BBS, 2016) . In Bangladesh, the total rice growing area is approximately 10.83 million hectares of land leading to the production of 33.54 million metric tons of rice (Kibria et al., 2017) . But now-a-days the production of rice is hampered to a great extent by different abiotic stresses in the world (Fahad et al., 2017) . Among different abiotic stress, salinity is the most important abiotic stress, which hampers the plant growth, development and productivity (Nazar et al., 2011; Kordrostami et al., 2017) . It is reported that more than 800 million hectares of land are adversely affected by varying degree of salinity around the world (Munns and Tester, 2008) . Salinity problem is also a major concern in the southern part of Bangladesh now days (Ahmed et al., 2014b) . About 1.06 million hectares of arable lands of Bangladesh are affected by soil salinity and salinity affected area is increasing day by day (SRDI, 2010) . Salinity seriously affects the rice production in the southern part of Bangladesh (Kibria et al., 2017) . Rice is a salt sensitive crop (Grover and Pental, 2003) , though salt sensitivity of rice to salinity varies with different growth stages; rice is particularly very sensitive during the early-vegetative and late-reproductive stages (Chowdhury et al., 2016) .
Salinity problems in the country had very little attention in the past to solve in our country (Haque, 2006) . But now-a-days population growth rate of Bangladesh is much higher than world growth rate demanding more food is proportion to the population growth (Ahmed et al., 2014a) . So, to meet up the food requirement of the bursting population, production of rice has to be increased by at least 60% by the year 2020 by the proper utilization of salinity affected area.
A large number of rice landraces is traditionally cultivated in the southern part of Bangladesh (TahjibUl-Arif et al., 2018) . Therefore, landraces could play an important role in the local food security and sustainable development in agriculture by the effectively utilization of saline prone area of Bangladesh (Tang et al., 2002) . Genetic improvement of traits mainly depends on the amount of genetic variability present in the population. Generally, genetic diversity in plants has been evaluated by using different morphological and physiological traits (Kumbhar et al., 2015) . Nowa-days, the use of multivariate statistical algorithms is an important tool for classification of germplasm and analysis of genetic relationships among breeding material (Mohammadi and Prasanna, 2003) . Mahalanobis D 2 statistics is a powerful tool for performing clustering patterns to make a relationship between genetic and geographical divergence and investigating roles of different quantitative traits toward the maximum divergence (Murthy and Arunachalam, 1966) .
Screening of rice genotypes for salt tolerance at seedling stages provides more importance (Ali et al., 2014) because stage is readily acceptable as it is based on a simple criterion of selection; it provides rapid screening which is difficult at vegetative and reproductive stage (Gregorio et al., 1997) . Therefore, the present study was conducted to evaluate 25 rice genotypes for salinity tolerance based on morphological traits at seedling stage.
Materials and Methods

Plant materials
Twenty five rice genotypes were used as experimental materials in this experiment. Twenty-three genotypes were local genotypes (landraces) collected from southern part of Bangladesh and two genotypes were high yielding varieties collected from Bangladesh Institute of Nuclear Agriculture (BINA) ( Table 1) .
Plant cultures and treatments
The experiment was conducted at the growth chamber, located at the Department of Genetics and Plant Breeding, Bangladesh Agricultural University (BAU) in Mymensing. Peter Professional (Peter watersoluble fertilizer 20:20:20 + ferrous sulphate heptahydrate) was used to supply appropriate amount of nutrient for plant growth and development (Roy et al., 2016) . The pH of the nutrient solution was maintained to the range of 5.1-5.3 by a pH meter (Hanna HI 2211). After transferring the seedlings in hydroponic system, it is very important to ensure the continuous supply of the nutrients to the plants, therefore, the solution was stirred for two times daily because the iron and some other nutrients get precipitated within 7-8 h and become unavailable to plants. The experiment was laid out by completely randomized design with three treatments (control, 7 dS m −1 and 12 dS m −1 EC) and three replications (each replication had 10 seedlings).
One hundred and twenty seeds of each genotype were placed into brown bags and kept in the oven at 55°C for 2-3 d for breaking dormancy. Afterwards, seeds were sterilized by treating with 0.1% HgCl 2 and 70% ethanol and washed with distilled water. Afterwards, the sterilized seeds were placed in petridishes having moist filter paper and kept in the dark place for 3-4 d for seed sprouting. Then, 4 day-old seedling was transferred to the hydroponic medium containing nutrient solution and. The EC of the normal nutrient solution was 1.3 dS m −1 and after 3 d, nutrient solution was salinized to 7 dS m −1 and 12 dS m −1 by adding crude salt. For adjusting the EC to 7 dS m −1 
where, %SR and %LL are %survival rate and percent live leaves, and TLP, TP, TLL, and LL are number of live plants, total number of plants, number of live leaves, and total number of leaves, respectively. The length of the root was measured from the shoot initiation to the root tip and shoot length measured by deducting plant length from root length by using centimeter (cm) scale. Leaf chlorophyll content was measured on the fully expanded 2nd leaves of all the plants at 21th days with a chlorophyll meter (SPAD-502 Chlorophyll Meter, Minolta Camera Co. Ltd., Japan). The shoot samples were separated from the root and then, root fresh weight and fresh shoot weight were taken immediately by weighing balance. After the destructive harvest and measurement of all traits, roots and shoots of each genotype were separately enclosed in a brown envelop (20 × 10 cm 2 ). After that, all envelops were put in an oven at 60°C for 7 d. The dry weight of root and shoot were taken by weighing balance.
Statistical analysis
The data were presented as means and different alphabetical lettering indicates the significance difference among the means of different genotypes in the same column at 1% level of significance according to a least significant difference (LSD) test. The genetic divergence was estimated using Mahalanobis's D 2 statistics (Mahalanobis, 1928) . All the genotypes were grouped into clusters on the basis of D 2 values, as suggested by Tocher (Rao, 1952) . Average intracluster and inter-cluster distances were calculated by the formula as suggested by Rao (1952) .
Results
Trait-wise mean performance of rice genotypes under salt stress
Salt tolerant genotypes showed better performance of different agronomic parameters than susceptible genotypes when salt is imposed in growth medium ( Table 2 ). The highest live leaves (69.11%) was found in Lalbat followed by Lalchikon (64.88%) where Chabli (24.29%) had the lowest live leaves (%) followed by Kabuldulan (30.99%). Khakshyal showed the maximum survival rate (97.78%) followed by Moirom (91.11%) and the minimum survival rate was observed in Chabli (28.89%) followed by Kabuldulan (32.96%). Among the genotypes, khakshyal and Moyna had the highest total number of roots respectively (6.33 and 5.77) followed by Binadhan-10 (5.55) and the lowest number of roots was reported in Pangash (3.55) followed by Sylhetbalam (3.66%). The maximum root length and shoot length was found in Chinisagor, Binadhan-10, Maloti and Satin where the lowest value of root length and shoot length was displayed by Gottaaman (4.99 cm) and Durgavog (5.04 cm). In case of chlorophyll content, Lalbat showed the highest chlorophyll content (19.83) followed by Moyna (19.61) and M-171-Phillipine (18.71) whereas Chabli had the lowest chlorophyll content (7.426) followed by Kabuldulan (9.641). Among the genotypes, root fresh weight and shoot fresh weight was the highest in Lalbat, Lalchikon, Sylhetbalam and Maloti whereas the lowest root fresh weight and shoot fresh weight was found in Gottaaman followed by Moghabalam. In case of dry weight measurements, ‡ LSD indicates least significant difference and SE indicates standard error; ** indicates significant at 0.01 probability level maximum value of root and shoot dry weight was maximum in Maloti, Lalchikon, and Moyna which is similar to Binadhan-10 and the minimum shoot dry weight was found in Gottaaman, Kabuldulan and Ronojit.
Nature and magnitude of diversity
D 2 values were estimated to assess the genetic diversity among 25 landraces of rice germplasms based on ten growth parameters (Mahalanobis, 1928) . Depending upon the range of diversity, 25 rice genotypes were grouped into five clusters (Fig. 1) . The distribution pattern revealed that maximum 10 genotypes viz., Moynamoti, Badshavog, Pangash, Suvash, Moghabalam, Sadaswarna, BINA dhan-8, Chinikani, Ashfail and Rajashail were found in cluster III while the lowest two genotypes were included in cluster IV (Lalbat and M-171). Cluster I, II and V included three (Satin, Sylhetbalam and Moirom), six (Maloti, Lalchikon, Khakshyal, Chinisagor, Moyna and Bina dhan-10) and four genotypes (Chabli, Durgavog, Kabuldulan and Gottaaman), respectively.
Estimation of cluster distance
The average intra and inter cluster distances are presented in Table 3 . In all cases, it was observed that the inter-cluster distances were greater than the intracluster distances. Maximum intra-cluster diversity was observed in cluster IV (6.30) and minimum intracluster diversity was found in cluster I (4.16). In case of inter-cluster distance, the highest value was found between cluster II and V (15.45) followed by cluster II and IV (13.50), and cluster I and V (13.20) where the lowest inter-cluster distance was observed between cluster I and II (6.39) followed by cluster I and III (8.26).
Individual clusters characterization
Mean performance of different clusters for different morphological traits are presented in (Table 4) .There was a wide range of variation in the cluster mean (38.38) showed the lowest number of survival rate (%). The highest cluster mean value of total number of roots was found in cluster II (5.54) where the lowest value of total number of roots was found in cluster I (3.89). For root length, genotypes having the maximum root length were grouped into cluster I (8.83) whereas genotypes having the lowest root length were grouped in to cluster V (6.08). The genotypes of cluster II (19.65) also showed the highest shoot length and cluster V (9.58) showed the lowest shoot length for all genotypes. For root length, genotypes having the highest number of root length were grouped into cluster IV (19.27) whereas genotypes having the lowest number of root length were grouped in to cluster V (9.53). With regarding to the root fresh weight, cluster I (9.15) showed the highest mean value and the lowest value was presented in cluster IV (5.65). The maximum root dry weight was found in cluster II (1.28) genotypes where cluster IV and cluster V (0.49) showed the lowest root dry weight. The genotypes having the highest number of shoot fresh weight and shoot dry weight were grouped in cluster II (11.14 and 2.17) whereas genotypes having the lowest shoot fresh weight and shoot dry weight were grouped in cluster IV (6.43 and 0.66). For standard evaluation score, genotype having the highest standard evaluation score was found in cluster V (6.05) whereas genotypes having the lowest standard evaluation score was observed in cluster I (2.51).
Individual characters contribution towards divergence
The contributions of each character to the total divergence are presented in the Table 5 . The results revealed that all the characters did not contribute equally to the total diversity. Root fresh weight contributed maximum (19%) to the divergence of genotypes which was followed by standard evaluation score (18.33%) and shoot dry weight (16.33%). On the other hand, root length contributed least (0.33%) to the total diversity followed by total number of roots (1.67%) and chlorophyll content (2.67%).
Discussion
The success of any crop improvement program depends on the amount of diversity present in the crop (Kumbhar et al., 2015) . Ranking of genotypes by cluster analysis based on different growth parameters could be applied in salt tolerance breeding to evaluate salt tolerance and may have great advantage over conventional methods. A cluster analysis was performed in this study to facilitate the evaluation of salt tolerance among rice genotypes. The results of the present study reported that the highest number of genotypes was found in cluster III whereas the lowest number in cluster IV and also the lower number of genotypes was found in cluster I, II and V probably due to high correlation among most of the traits and duplication effect of the traits (Fig. 1) .
The grouping pattern of all the genotypes into various clusters reported the presence of considerable genetic divergence among the genotypes for most of the traits (Kumar et al., 2017) . Verma et al. (2006) studied genetic divergence on 108 wheat genotypes and also found eleven clusters based on their various morpho-agronomic traits.
The cluster distance reflects the genetic dissimilarity between and within groups to some extent (Kumar et al., 2017) . The inter-cluster and intra-cluster distances range in the present study clearly indicated the existence of variability in the germplasm of dissimilar clusters (Table 3) . Similar findings were also reported by Ahmed et al. (2014b) . The inter-cluster distances in all the cases were greater than the intracluster distances suggesting wider diversity among the genotypes of the distant groups (Table 3) . Similar results were reported by (Rahman and Munsur, 2009; Haydar et al., 2007) . The overall composition of the clustering pattern in the present study showed that traditional rice genotypes were highly diverse and hence distributed in different clusters. These diverse genotypes could serve as potential germplasm for the improvement of different morphological traits under salinity stress. Similar findings were reported by (Nayak et al., 2004) . The maximum intra cluster distance was observed in cluster IV indicating the existence of wide genetic divergence among the constituent genotypes grouped in this cluster. The minimum intra cluster distance was in cluster I (Table 3) indicating the unidirectional selection that lead to uniformity with less deviation between the genotypes in these cluster (Rajesh et al., 2010) . Iftekharuddaula et al. (2002) also evaluated the divergence in Boro rice and reported the uniformity of the genotypes within the clusters showing less intra-cluster distances.
The maximum inter cluster distance was observed between cluster II and V showing wider variation among the genotypes between these two groups where the minimum inter cluster distance was found in cluster I and II (Table 3) . Ahmed et al. (2014b) also reported that the highest inter-cluster distance between cluster III and V (6.69) by estimating genetic divergence of ten quantitative traits using the non-hierarchical Euclidean cluster in rice germplam. Rajesh et al. (2010) reported that the inter-varietal hybridization among genotypes of these two clusters (II and V) would be beneficial combine the agronomically superior features. The results of cluster mean (Table 4) revealed that the genotypes in cluster II showed the highest survival rate (%), total number of roots, shoot length and root dry weight, shoot fresh weight and shoot dry weight indicating that the genotypes of this cluster II should get priority as parent for the improvement of salinity tolerance. The cluster IV showed maximum mean value for the highest live leaves (%), chlorophyll content. Thus, genotypes from this cluster could be good for the improvement of salinity tolerance traits in rice. In addition, genotype having the highest number of standard evaluation score was observed in cluster V whereas genotype having the lowest number of standard evaluation score was observed in cluster I indicating the genetic divergence between clusters I and V. Kumar et al. (2017) also reported maximum value of flag leaf length, 1000-grain weight, seed vigor index and germination% after harvesting in cluster VII, cluster II for flag leaf width, spike length, number of grains per spike and germination (%) before harvesting and cluster IV for grain yield per plant and number of tillers per plant. Genetic divergence analysis is important tool to estimate genetic diversity among selected genotypes which determine family relationships and genetic affinity or distance of genotypes from each other studying cluster analysis (Roger, 1972) . Sreelakshmi et al. (2011) studied for genetic divergence using Mahalanobis D 2 statistic indicated wider genetic diversity among germplams. The results of present study showed that the maximum contribution of root fresh weight followed by standard evaluation score and shoot dry weight to the divergence of genotypes indicating their importance during traits selection for the improvement of salinity tolerance (Table 5) . Choudhury et al. (1999) also mentioned that plant height contributes the highest for genetic divergence. Reddy et al. (2015) reported that number of seeds per pod, 100-seed weight, plant height, days to maturity and seed yield per plant together contributed for about 81.31% of the total divergence and hence these traits to be emphasized during selection (Rajesh et al., 2010) . These findings are similar in agreement with earlier reported by other workers (Nimbalkar et al., 2002; Tsegaye et al., 2012; Hailegiorgis et al., 2011; Ali et al., 2008) .
Conclusions
This study gave information about desirable traits that contributes to the divergence between the genotypes for salinity tolerance. The genotypes in cluster I namely Satin, Sylhetbalam, Moirom may be used for the improvement of root length and root fresh weight and the genotypes of the cluster II (Maloti, Lalchikon, Khakshyal, Chinisagor, Moyna, Binadhan-10) could be used for the improvement of survival rate (%), total number of roots, shoot length and root dry weight, shoot fresh weight and shoot dry weight in rice under salinity stress. These genotypes may be used in future breeding program for further improvement of salinity tolerance. Relative contribution of root length showed maximum contribution in divergence. However, root fresh weight has least contribution in divergence.
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